eripheral arterial disease (PAD) is a clinical manifestation of the atherosclerotic process, which is associated with cardiovascular disease (CVD) and increased CVD risk. [1] [2] [3] Noninvasive testing reveals that up to 20% of elderly individuals have PAD 4-7 and because only a small percentage of these individuals are symptomatic, the condition is poorly recognized in primary care practice. 8, 9 Several cohort studies have shown that a low ankle -brachial index (ABI) is a risk factor of fatal and nonfatal coronary heart disease (CHD) and all-cause mortality among people with and without existing clinical coronary artery disease, and among people with existing peripheral vascular disease. [10] [11] [12] Low ABI is also associated with the incidence of stroke in the elderly. 2 Diabetes mellitus (DM), a major chronic disease, is able to accelerate atherosclerosis and numerous studies have identified it as a key risk factor for PAD. 13-17 Several cohort and randomly selected studies have revealed that CVD event rates in patients with PAD and DM are higher than in their nondiabetic counterparts. 18, 19 The adjusted risk of death for PAD patients with DM is 2-fold higher than in patients without DM. 20 A recent prospective study reported Circulation Journal Vol. 71, March 2007 that in diabetic patients with low ABI (<0.9), CVD and allcause mortalities were 31.7 and 70.5 per 1000 personyears, respectively. 21 Except for 1 study that reported 16.7% PAD prevalence in Chinese patients with type 2 DM, this issue has not been researched extensively. 22 Thus, the purposes of this study were to evaluate the risk factors of PAD and to elucidate the relationship between ABI and mortality from all-cause and CVD in diabetic Chinese patients.
participants.

Measurement of Ankle and Arm Blood Pressures
Doppler ultrasound (Nicolet Vascular, Elite 100R, USA) was used to measure systolic blood pressure (SBP) in the bilateral brachial, tibial and dorsal pedal arteries while supine after a 5-min rest. The occluding cuffs (55×12.5 cm) were applied just above the malleoli to measure ankle pressure. The Doppler probe was used at a frequency of 5 MHz. Right and left ABI were calculated from the highest pressure in the dorsal or posterior tibial arteries on the right and left sides, respectively, and by the highest brachial pressure on either side.
Diagnosis of PAD
Early studies used an ABI cut-off point ranging from <0.95 to <0.80 to define PAD, 23, 24 but most of the recent studies have used a cut-off point of <0.90. 21, 25, 26 Carter considered that an ABI of <0.90 had 95% sensitivity and was 9% specific for angiographically documented PAD. 27 This cut-off point has been also accepted by The Strong Heart Study (SHS) in which the upper limit of normal ABI did not exceed 1.40. 28 More recently, the American College of Cardiology and the American Heart Association (ACC/AHA) guidelines have recommended ABI ≤0.90 as the criterion for the diagnosis of PAD. 29 Thus our study adopted this recommendation of ABI ≤0.90 in either leg as low ABI and such participants were diagnosed as having PAD. Therefore, participants with an ABI from 0.91 to 1.40 were considered normal.
Risk Factors
A questionnaire designed to collect information about general characteristics, diagnosis, medical history and relation factors, medical treatment and biochemical examination was administered to all aprticipants. More specifically, in this questionnaire possible risk factors included age, sex, body mass index (BMI), history and duration of high blood pressure (HBP), hyperlipidemia and smoking. As for biochemical indexes, total cholesterol (TC), triglycerides (TG), high-density lipoprotein-cholesterol (HDL-C), lowdensity lipoprotein-cholesterol (LDL-C) and FPG were analyzed.
Identification of Death From All-Causes and CVD
Death was confirmed from hospital records or by contact with participants and their families. Cause of death was investigated using medical records and interviews. All materials were reviewed independently by a physician of the ABI Cohort Study to confirm the cause of death.
Statistical Analysis
Data were analyzed using the software program SPSS13.0 (Chicago, IL, USA). Continuous variables are expressed as the mean ± SD, and categorical variables as a percentage. Independent-samples t-test and the chi-square test were used to compare continuous and categorical differences, respectively. A p-value <0.05 was considered statistically significant. Crude deaths from all-cause and CVD were examined by ABI stratification. The relationship between ABI and deaths from all-causes and CVD were adjusted for potential confounders, including age, gender, HBP and smoking experience, and duration of DM, using a Cox regression model.
Results
There were 1,647 participants with type 2 DM whose baseline ABI was available. Of these, 531 (32.2%) were in the low-ABI group and the remainder was in the normal-ABI group. According to our criterion described earlier, the prevalence of PAD was 32.2%. During the 13-month follow-up, there were 132 deaths, and 47 of these were from CVD.
Baseline Characteristics of the ABI Groups
As shown in Table 1 , participants with low ABI were older, had a lower BMI, higher SBP, more hypertension, longer duration of DM, and had a history of smoking compared with those with a normal ABI at baseline.
Independent Risk Factors for Low ABI
Logistic regression analysis was used to evaluate the independent significance of associated factors. Table 2 shows the adjusted odds ratios (OR) and 95% confidence interval (CI) for low-ABI participants. We found that older age, female gender, higher serum level of TC, longer duration of DM, and a history of smoking were associated with low ABI in patients with type 2 DM.
All-Cause and CVD Mortality Rates in the ABI Groups
All-cause mortality rates in the low-and normal-ABI groups were 12.4% and 5.9%, respectively, and for CVD were 5.5% and 1.6%, respectively. All-cause and CVD mortality rates were significantly higher in the low-ABI group than in the normal-ABI group. The crude OR of the low-ABI group was 2.258 (95% CI 1.578-3.231) for allcause mortality, and 3.524 (95% CI 1.939-6.405) for CVD mortality. When the low-and normal-ABI groups were examined in relation to mortality in the Cox regression models adjusted for multiple CVD risk factors, low ABI was associated with adjusted all-cause and CVD mortality risks of 1.851 (95% CI 1.280-2.676) and 3.211 (95% CI 1.703-6.053), respectively.
Survival Analysis of the ABI Groups
Figs 1A,B shows the survival distributions of the 2 ABI groups for all-cause and CVD mortality. The information shows a survival trend even though our follow-up time was short. Kaplan-Meier analysis yielded the survival data, and for both all-cause and CVD mortality, the survival rate for the low-ABI group was significantly less than for the normal-ABI group (p<0.001).
All-Cause and CVD Mortality in Different ABI Groups
If ABI was subdivided into ≤0.4, 0.41-0.90, 0.91-0.99 and 1.00-1.40, all-cause mortality was 25.5%, 11.0%, 5.3%, 6.1%, respectively (p<0.001) (Fig 2) . However, there was no statistical difference between the 0.91-0.99 group and the 1.00-1.40 group, both of which were considered as normal ABI. CVD mortality was 15.7%, 4.4%, 2.7%, 1.3% with a significant difference from each other (p<0.001). 
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Mortality Risk According to Different ABI
Figs 3A,B shows the adjusted relative risk (RR) of the different ABI groups. ABI groups were examined in relation to mortality in Cox regression models that adjusted for age, sex, history of HBP, duration of DM and smoking. The mortality risk from all-cause and CVD increased with decreased ABI.
Discussion
A previous study demonstrated that PAD prevalence in Chinese DM patients was 16.7%, and that the major independent risk factors were age, sex, BMI, history of HBP and smoking. 22 In the present study, PAD prevalence was 32.2%, almost 2-fold higher, and the difference in these reported prevalences is likely to be caused by the different sample sizes and diagnostic criteria used in the studies. The prevalence of atherosclerosis in type 2 DM is significantly higher because the excessive metabolism of lipid and glucose damages vascular endothelial cells, resulting in large vessel disease.
In the present study the patients with a low ABI were older by univariate analysis, and the adjusted OR was 1.071 (95% CI 1.056-1.087) by logistic regression analysis. Consistent with the results of the previous study, female gender was a risk factor for low ABI. 22 We found that patients with low ABI had a lower BMI, but BMI was not an independent risk for low ABI after logistic regression analysis. Therefore, we attributed it to the older age of the low-ABI group. This finding was inconsistent with studies conducted in Taiwan with patients with type 2 DM. 30 In our study, patients with low ABI also had higher SBP, but diastolic blood pressure (DBP) was not significantly different between the low-ABI and normal-ABI groups by univariate analysis. Pulse pressure (PP) increases with age because blood vessels progressively lose their elasticity. In the present study, PP increased in the low-ABI group they were older than the subjects in the normal ABI group. However, HBP history, and the SBP and DBP levels were not independent risks for low ABI after logistic regression analysis. Interestingly, a history of smoking was an independent risk with an adjusted OR of 1.786 (95% CI 1.297-2.458). The relationship between dyslipidemia and low ABI is still unclear. Although the serum levels of TC, TG, HDL-C and LDL-C were not significantly different between the 2 groups, a higher serum level of TC was an independent risk for low ABI with an adjusted OR of 1.256 (95% CI 1.032-1.528). It is therefore very important to improve lipidemia when treating Chinese patients with DM. Duration of DM is another risk factor for PAD with an adjusted OR of 1.017 (95% CI 1.000-1.035), so patients who have been diabetic for longer have a greater risk for PAD. Because the FPG level is affected by many factors, we did not include it in this model.
All-cause and CVD mortality rates were 12.4% and 5.5%, respectively, in the low-ABI group, twice as high as for those with normal ABI. Compared with the normal ABI group, the adjusted RR after 13-month follow-up was 1.851 (95% CI 1.280-2.676) for all-cause death and 3.221 (95% CI 1.703-6.053) for CVD death in Chinese patients with type 2 DM. This is comparable with previous reports that individuals with low ABI are at increased risk of death relative to individuals with normal ABI. 13, 31 Our results are close to those from the SHS study, in which RRs of allcause and CVD mortality after 10-year follow-up were 1.69 and 2.52, respectively. 21 In the Edinburgh Artery study, RRs of all-cause and CVD mortality after 5-year follow-up were 1.58 and 1.85, respectively, for persons aged 55-74 years old with ABI <0.90. 32 CVD mortality was higher in the present study than in the Edinburgh Artery study, possibly because diabetic patients with low ABI are more susceptible to CVD death. Other possibilities include different ethnic groups and different duration of follow-up. However, an ABI ≤0.90 was independently associated with a high risk of all-cause and CVD mortality.
When participants were further divided into 4 subgroups, all-cause and CVD mortality still differed among them. The lowest ABI (≤0.4) group had the highest all-cause and CVD mortality rates, and mortality declined with increasing ABI. In comparison to the highest ABI group (1.00-1.40), the adjusted RRs of all-cause and CVD mortality increased at the lower end of the ABI distribution. The respective adjusted risk of all-cause mortality in the ≤0.4 group and 0.41-0.90 group was 3.997 and 1.605 times that of the 1.00-1.40 group. The adjusted risk of CVD mortality in the ≤0.4 group and 0.41-0.90 group was 12.855 and 3.279 times that of the 1.00-1.40 group. This demonstrated that low ABI was independently associated with increased risks of all-cause and CVD mortality in Chinese patients with type 2 DM. In other words, a patient with a lower ABI has a higher risk of all-cause and CVD mortality. The adjusted risk of all-cause and CVD mortality for the 0.91-0.99 group, defined as the equivocal ABI level by PAD guidelines, 29 was not significantly different from that of the 1.00-1.40 group in this study.
In conclusion, our study analyzed the risk factors for PAD and the relationship between low ABI and all-cause and CVD mortality in Chinese patients with type 2 DM. Older age, female gender, higher serum level of TC, longer duration of DM, and a history of smoking were independent risk factors for low ABI. After 1-year follow-up, low ABI was independently associated with an increased risk of all-cause and CVD mortality. Both all-cause and CVD mortality rates of survival were significantly lower in the low-ABI group than in the normal-ABI group. Our findings further support that ABI is an ideal tool for predicting mortality in diabetic patients. Regular PAD screening and then intensive management of vascular risk factors should be encouraged in clinical practise.
